A series of bio-based photocrosslinked polyester membranes, poly(1,8-octanediol-itaconatecitrate-dodecandioate), (POSCI) were synthesized through polycondensation followed by photocrosslinking under UV irradiation in the presence of 2,2-dimethoxy-2-phenylacetophenone (DMPA) as photoinitiator (PI). Upon varied UV exposure time and DMPA content, the corresponding changes in chemical, structural, and mechanical properties of the polymer were studied. The transmission peak of FTIR spectrum centred at 1725 cm -1 indicates the formation of ester structure. Contact angle results suggested all of the synthesized POSCI membranes had hydrophilic properties as their contact angle is less than 90 °. Sol-gel analysis shows that the swelling ratio of POSCI decreases while the gel fraction increases with increasing in photocrosslinking time. The tensile strength of POSCI, thus, increased correspondingly with longer UV exposure. Excess DMPA, however, proved otherwise.
INTRODUCTION
Fossil resources such as coal, gas and oil are predicted to deplete by 2050, if these non-renewable resources will further be used with the current consumption rates [1] . For this purpose, replacement of petroleum-based polymeric materials by bio-based polymers has gained growing attention in both industry and academia research [2] . Polymer materials play vital role in people's daily life and the amount of consumption has already exceeded steel [3] . However, most of these polymer materials are highly dependent on fossil resources. Replacing fossil raw materials with renewable alternatives is not only become a solution for depleting fossil resources but it also has been considered as a better solution for many environmental problems. This is due to the fact that, the use of fossil resources causes worldwide environmental problems and also increases carbon dioxide concentrations in the atmosphere [2] .
Biobased polymers are polymers that are derived entirely or mostly from biomass, renewable resources [4] . With the global consumption expected to reach one million tonne by 2017, the demand for renewable, biobased polymers is growing at 19% annually [4] . Alternatively, extensive studies has been conducted to utilise renewable resources for non-feed purposes owing to the sustainability of the agriculture industry of the future which would be more economic in the long run [5, 6] .
Besides biobased polymers, environmentally friendly curing process also plays an essential part in environmental concerning issues [1] . The curing process here refer to UV curing method which is one of the photocuring process. UV curing has the potential to yield high-performance coating with high productivity rate, low energy consumption and extremely low volatile organic compounds (VOC) emissions [1] .
One of the most common bio-based polymer is Poly(lactic acid) (PLA), a thermoplastic bio-based polymer (BBP), initially produced from sour milk in 1780 and commercially manufactured in 1881 [7, 8] . PLA has been widely used in the medical field for production of sutures, dental implants, stents, bone screws, pins and vascular grafts [9, 10] . However, the thermoplastic PLA lacks in mechanical properties such as toughness, elongation at break, and impact strength besides requires processing temperatures higher than 185-190 °C [7] . In fact, heterogenous degradation, nonlinear mechanical strength loss, and instability of 3D geometry during hydrolysis of thermoplastics makes thermosetting counterpart a favourable option [11] [12] [13] .
Therefore, since the past decade, researchers have been interested in developing thermosetting BBP through thermal crosslinking from bio-based polyesters which are hydrolysable for biodegradation [14] . Poly(glycerol sebacate) (PGS) [14] and poly(octanediol citrate) (POC) [15] are two novel thermosetting bio-based polyesters. However, thermosetting polyesters requires time-inefficient thermal crosslinking process with postpolymerisation heating duration of 7 hours [16] to 2 weeks [15] at 120°C temperature. On the contrary, a faster approach to produce crosslinked polymers is through photo-induced crosslinking [17] . Photocrosslinking is the process whereby free radical polymerization or cationic polymerization are initiated by ultraviolet (UV) or visible light irradiation to form chemical crosslinks at the crosslinking sites producing photosets. This crosslinking process could take as short as few seconds [18] to 10 minutes [13, 19] . Recently, photocrosslinking systems are predominantly used in adhesives, ink and coating to enhance surface properties in high-technology areas including automotive, electric, and electronic devices [20] .
In this present work, a photocrosslinked bio-based polyester membrane was synthesized through polycondensation of 1,8-octanediol, itaconic acid, succinic acid and citric acid with 2,2-dimethoxy-2-phenylacetophenone (DMPA) as photoinitiator (PI). The resulting prepolymers were then photocrosslinked under UV irradiation to form the networks. The effect of varying UV curing time and DMPA content on chemical, structural, mechanical, and wettability properties of POSCI were analysed.
METHODS

Materials
The bio-based polyester was synthesized from itaconic acid (≥ 99 %) (IA), succinic acid (99 %) (SA), citric acid (CA) and 1,8-octanediol (OD), with 2,2-Dimethoxy-2-phenylacetophenone (99 %) (DMPA) as PI. Tetrahydrofuran (THF) was purchased from EMSURE. The chemicals consumed were purchased from Sigma-Aldrich (St. Louis, Missouri, US) and were directly used as received.
Synthesis of POSCI
POSCI prepolymer was synthesised through polycondensation by melt blending IA, SA, CA and OD in mol ratio of 5:3:2:10 at 160˚C. 0.1 wt% DMPA was then added to the reactant mixture after 45 minutes and the stirring process was continued for another 15 minutes. The POSCI prepolymer obtained was then poured into a Teflon mould and cured under UV irradiation for 15, 30, 45, and 60 minutes. The process was repeated with 1.0, and 10.0 wt % of DMPA. Hence, the polymer produced is addressed as POSCI-x/y where x and y indicates the DMPA content and UV exposure time in minutes respectively.
Characterization and Testing
Fourier Transform Infrared (FTIR) Spectroscopy
Fourier-transform infrared (FTIR) spectroscopy (Nicolet iS-5-IR Sppectrometer, Thermo Fisher Scientific, US) was conducted at room temperature in an attenuated total reflectance (ATR) mode. The data was recorded with 32 number of scans and resolution of 4 cmˉ1 within frequency range of 4000-500 cmˉ1.
Sol-Gel Analysis
Sol-gel analysis was conducted to study the degree of crosslinking of the polymer. Samples (1×1 cm 2 , n=3) were immersed in tetrahydrofuran (THF) for 24 h followed by drying in vacuum oven at 55 °C for another 24 h. The gel content and swelling ratio were calculated using the following equations:
Gel content = ( ) × 100
(1)
Swelling rate = [
] × 100 (2) where Wo is the original weight of the sample, Ws is the weight of the sample after swelling in THF, and Wd is the dry weight of the sample.
Wettability Test
Contact angle measurement was performed to evaluate the wettability of the polymer surfaces using VCA Optima Contact Angle System (AST PRODUCTS, INC.). The test was conducted using sessile drop method with distilled water. The measurement was obtained in triplicates and the data were presented in mean ± standard deviation.
Tensile Test
The tensile test was conducted using Brookfield CT3 Texture Analyzer with a test speed of 0.2 mm/s and 1N load cell. The UV cured polyester samples were cut in rectangular strips (7 × 1 × 0.6 cm). The samples were pulled until fail. The maximum stress observed was recorded as the ultimate tensile strength while the Young's modulus was obtained from the gradient of the stressstrain curve. The test was conducted in triplicate and the data were presented in mean ± standard deviation.
RESULTS AND DISCUSSION
Chemical and Structural Properties of POSCI
POSCI prepolymer was successfully synthesised through a catalyst-free polycondensation process. Subsequently, exposure under UV irradiation produced photocrosslinked POSCI polyester. Figure 1 summarizes the synthesis process.
FTIR spectra of POSCI are presented in Figure 2 . The absorption band centred at 3471.49 cm -1 observed is assigned to the O-H stretching vibration of the carboxylic acids. The strong absorption peak at 1733.69 cm -1 corresponded to the C=O stretching of the ester units and the second highest peak at 1166.06 cm -1 is attributed to the C-O stretching vibration which confirms the formation of ester bonds resulting from the polycondensation process [7] . This observation applies to all spectra as UV exposure does not affects formation of ester bonds. Stretching vibration present at 2938.75 cm -1 , and 2860.74 cm -1 , corresponds to -CH bonds [8] . In Figure 2(a) , the intensity of the peaks at 886.86 cm -1 and 729.81 cm -1 which indicates the presence of C=C bond attributed to the vinyl group of the itaconic acid, appears to reduce relatively with increased UV exposure time because the double bonds are opened upon free radical polymerisation forming crosslinks [8] . Figure 3 presents the sol-gel analysis of POSCI. The highest gel fraction was 69.72 ± 3.49 % for POSCI-0.1/60 while the lowest gel fraction was 48.8 ± 0.88 %. for POSCI-0.1/15. On the other hand, the highest swelling ratio was 264.42 ± 5.96 % for POSCI-0.1/15 and the lowest value was 115.77 ± 2.39 %. for POSCI-0.1/60. This results supports the hypothesis that longer UV exposure time shall increase degree of crosslinking of the polyester. Both the gel fraction and the swelling ratio analysis were done to study the crosslinking properties of the synthesized photocurable biobased polyesters. They are inter-related. The smallest swelling ratio and the highest gel fraction for increasing UV curing time.
Sol-Gel Analysis
From Figure 3 , the gel content increases slightly when the DMPA content was increased by 10 fold from 0.1 wt% to 1.0 wt%. However, a dramatic decrease in gel content and increase in swelling ratio can be observed when the DMPA content was increased by another 10 fold to 10 wt%. This indicates that access DMPA is a limiting factor to free radical polymerisation of the alkyl group of the itaconic acid.
Contact Angle Analysis
The contact angle of POSCI increases correspondingly to the increased UV exposure time as presented in Table 1 . The lowest value was 45.57 ± 7.97 while the highest value was 70.73 ± 6.01. From the results it is clear that all the synthesized polyesters were hydrophilic as they have contact angle less than 90˚ [9] . This indicates that, increase in UV curing time increase the contact angle of the synthesized polyester in which the polymers become more hydrophobic. This is because increased in UV curing time will increase the cross link density of the polymer [10] . The more crosslink between the polymers cause the polymer to be less hydrophilic. Similarly, the contact angle increases from (51.73 ± 5.60)˚ to (76.90 ± 4.81)˚ as the DMPA content increases from 0.1 to 10.0 wt%. This indicates that the hydropholicity of POSCI decreases with increased DMPA content. This is attributed to the increase in hydrophobic component present as the DMPA has a nonpolar nature. The ultimate tensile strength (UTS) of POSCI increases significantly from 31.84 ± 5.65 kPA to 55.39 ± 6.31 kPa as the DMPA content increases from 0.1 to 1.0 wt%. However, the UTS declines to 34.54 ± 2.58 kPa when the DMPA content increases to 10.0 wt%. This indicates that POSCI-10 had lower mechanical strength corresponding to lowered crosslinking degree as suggested by the sol-gel result. 
Tensile Test
CONCLUSION
A novel biobased photocrosslinked polyester membrane was synthesized succcessfully. This study has demonstrated that UV exposure time and DMPA content are parameters that can be used to manipulate structural, wettability, and mechanical properties of POSCI. The FTIR results prove the formation of ester bond in the synthesized polyesters. Sol-gel analysis confirms that increasing UV exposure time increases the crosslinking degree of POSCI while excess DMPA content can be a limiting factor. Consistently, the mechanical properties of POSCI were also improved with increased UV exposure time. All the synthesized polyesters exhibited hydrophilic properties although the wettability decreases with increased UV exposure time and DMPA content.
